The long tail phenomenon has been heavily discussed in recent years. What has been neglected so far is its striking relevance for electronic services. Whereas consumers expectations about information goods are often vague and transient, their requirements are pronounced and specific when it comes to the functional and non-functional characteristics of electronic services. Moreover, modular services can be combined and configured into service mashups that meet virtually every conceivable consumer requirement. In this vein, the long tail phenomenon can be leveraged into a new dimension -the long valley, where every service exerts positive network externalities on the remaining services, thereby spurring an increase in supply and demand. The combinatorics of constructible service mashups are enabled by universally accessible service orchestration platforms known as Service Value Networks (SVNs). This article shall not only pave the way for a rising research area on a new business trend, but will also help business actors to harness the opportunities opened up by SVNs.
pirical support for this hypothesis in data from the Australian online DVD vendor QuickFlix 1 . Customers who buy niche movies tend to be heavy users who also go for the blockbusters. In other words, although you might have a penchant for documentaries about viniculture in Macedonia, you might still want to purchase James Cameron's new blockbuster. This is the snare in Anderson's long tail story: Blockbusters and the newly cultivated taste for niche products are not mutually exclusive.
However, we argue in support of the long tail phenomenon that electronic services are less affected by the blockbuster effect than the above-mentioned "leisure products" are. Consumers of Web services, for example, have very particular functionality requirements that are much more diversified than specifications for books, music, or movies (cp. [7, 8] ). Consequently, customers will always prefer a more specialized service that closely meets their requirements over a one-size-fits-all service -if it comes at a reasonable price.
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This taste for more specialized services fuels the long tail advocates' main argument, namely that customers suffer from the tyranny of the mainstream offerings inherent to the traditional brick-and-mortar-business [10] .
3
Specialization through service composition. In contrast to information goods, electronic services can be effectively configured and combined to form service mashups that meet even the most specialized consumer demand. Mashups are complex service solutions composed of various modular service components according to the consumers' requirements; this composition process constitutes a value-added and often a multi-step business functionality [11] . The ability to compose specialized service mashups from a set of existing services dramatically boosts the long tail idea. On the one hand, the individual services become more attractive to customers because they can be combined to create many different specialized service mashups. On the other hand, each of the available services is more attractive to customers because they can be employed in a number of specialized service mashups. Consequently, service composition enables a new generation of combinatorics that transforms the long tail phenomenon into a long valley. In other words, the combinatorics adds a third dimension to the long tail, thereby creating a plane (cp. Fig. 1 ). Thus, the sales volume generated by a long valleystyle distribution not only depends on the length of the tail, but also on the composition depth, i.e. the number of possible ways to re-combine services.
In the long valley, the long tail phenomenon is dramatically amplified.
Demand Entities ordered by demand Composition depth
Off-the-Shelf (Mass Market)
Situational/Tailored (Niche Market) Figure 1 : The long valley expands the long tail by adding composition depth as the third dimension First, the long valley offers a large host of specialized solutions "off-theshelf" that are highly valued by the consumer. According to a Forrester study [12] , for example, consumers are currently dissatisfied with the lack of customization options and dearth of specific business applications. Both shortcomings can be addressed by service composition [13] . Second, service providers will also benefit from service composition, because in addition to potentially bolstering the stand-alone appeal of their product, they might also see their services become a valuable part of a service mashup. In this scenario, each available service offering becomes more valuable and will be invoked more often. Service providers can therefore exploit economies of scope by contributing to various solutions that meet multifaceted demands. Third, service composition will also create network externalities that will further multiply the previous effects: As the number of available services increases, more specialized service mashups can be configured. This in turn creates more customer value and thus boosts demand, which motivates service providers to offer more services, and thus the cycle begins anew. In short, service composition creates a two-sided market [14, 15, 16] in which customers appreciate the availability of more service providers and vice versa. This trend towards more specialized but modular service offerings is al-ready observable. In 2007, the bandwidth consumed by Amazon Web Services exceeded the bandwidth taken up by the entire global network of Amazon.com retail websites for the first time. 4 The number of specialized, modular services on the market has continued to boom ever since. Moreover, in 2009 the number of mashups listed at ProgrammableWeb 5 shot up by roughly 25% to a total of more than 4,500 composite Web services in December 2009. Potential stakeholders should therefore be aware of the long valley's prospects and challenges.
From a technological standpoint, complex Web services or Web service mashups came to life with the advent of Web 2.0 technologies and the renaissance of HTTP appreciation. While the first mashups were dedicated to small consumer applications integrating simple data in the Web browser (e.g. RSS feeds), today's mashup technology has the potential to integrate enterprise applications. Big and RESTful Web services encapsulate functionality and put them behind clearly defined interfaces based on SOAP, WSDL, and HTTP, thereby facilitating lightweight approaches such as RESTful architectures [17] and slim messaging formats such as JSON [18] . For instance, ProgrammableWeb reported that 66% of all listed APIs expose REST interfaces, foretelling the trend towards an Internet of interoperable (Web) services. Through extensive reuse of existing resources and simple programming models, mashups not only facilitate the ad-hoc development of highly situation-specific applications, but also boost the composition depth of complex services.
The business side of the long valley is closely connected with the technological aspects. The value for the customer is created through the interplay of complementary service providers, each of whom contributes an incremental added value to the overall complex service [19, 20] . Due to specialization, most single service providers are not able to serve a customer request without the assets of complementary partners. However, in order to keep up with innovation pressure and to alleviate the adverse effects of market power, the long valley should also contain substitutive service offerings. Service providers thus find themselves in the fruitful state of co-opetition, which breeds both complementary opportunities and competitive threads [21] . We argue that Service Value Networks (SVNs) provide the appropriate technological and economic governance structure in which the long valley can be cultivated and prosper. SVNs support the duality of cooperation and competition, thereby driving the strategies and actions of the participants without them explicitly cooperating.
The remainder of this article will locate and define SVNs within the context of other economic institutions and alert potential actors in SVNs to the opportunities and challenges that lie ahead of them.
Defining the Platform for Success: Service Value Networks
When asked for a definition of a "Service Value Network", academics and practitioners alike usually bubble over with riotous examples and visionary scenarios. The uninitiated recipient of this barrage consequently assumes that there must be a tacit common understanding of the concept and refrains from further questioning. However, the relevant literature has in fact failed to provide an explicit and unambiguous definition of SVNs to date (cf. e.g. [22, 23, 24, 25, 26] [27] . Networked organizations are a hybrid organizational form that has gathered momentum in recent decades [28, 29, 30] . Most importantly, networked organizations combine the advantages of markets, such as flexibility, adaptability, and efficiency, with those of hierarchies, above all control and protection of knowledge and core competencies. This combination results in the following advantages:
• adaptability and flexibility while maintaining control [31, 32] • protection of business knowledge through modularization [33, 34] • efficiency through market-based coordination [29] • insurance against uncertainty in supply and demand [35] The most prominent types of networked organizations are business networks (cf. e.g. [36, 37, 38] ), strategic alliances (cf. e.g. [39, 40] , virtual organizations (cf. e.g. [41, 42] ), and smart business networks (cf. e.g. [43, 44, 32, 45, 46] ). Clearly, SVNs should also be on this list. But what distinguishes SVNs from other organizational types in this category?
Business networks constitute the most general form of economically motivated cooperation among different firms or legal entities [36] . As in any cooperation, participation in a business network is based on the perception of mutual benefit and believed to lead to the co-creation of business value. In addition, business networks tend to be temporary, project-driven, or goaloriented cooperations that can comprise both homogeneous (i.e. competing) as well as heterogeneous (i.e. complementary) network partners [47] .
Strategic alliances and virtual organizations are derivatives of business networks. Strategic alliances usually denote cooperations among otherwise competing firms with the intention to share risk or achieve economies of scale [31, 48] . Virtual organizations, on the contrary, stress the formation of firms with complementary core competencies in order to achieve a goal one alone cannot master [49, 50] .
Smart Business Networks (SBNs) refer to a new era of Business Networks that emphasize the smart use of information and communication technology (ICT) to facilitate network interaction. Smartness is in this case a relative term connoting effectiveness and a comparative advantage through the use of ICT [45] . ICT is also seen as an enabler of network agility, i.e. the network's ability to "rapidly pick, plug, and play" business processes [32] . The concept of SBNs is tightly coupled with the evolution from "mass customization" to "mass individualization", because such networks have the capability to quickly evolve on demand according to specific customer needs and requirements [46] . Moreover, after an individual request has been fulfilled, a SBN can quickly be dissolved again. These quick connect and disconnect capabilities, which enable ad-hoc joint value creation, are only possible because the firms collaborating in a SBN provide modular business capabilities. In addition, the modularity of potential network members not only allows for spontaneous network orchestration, but also provides better protection for a firms core competencies [34] . Trust problems, which are commonly encountered in virtual organizations, are thus not as severe and the SBN may recruit members from a more open pool of potential partners [51] . The formation and coordination of SBNs is provided by particular firms in the network pool.
[52] denotes these firms as "Network Orchestrators" and "Network Judges". A prominent example of a smart business network orchestrator is Li & Fung [53] , which coordinates a network of more than 8000 network partners.
This review demonstrates that the same prototypical characteristics cited by the service science community to describe SVNs are also found in more general organizational concepts. For example, [24] notes the presence of complementing and competing firms in SVNs and [54] underscores the interaction of different entities for mutual benefit; both phenomena are inherent parts of a business network. [23] additionally emphasize the role of information technology as an enabler for SVNs and highlight its importance in empowering customers as the "triggers of all activities in the network". However, these elements are also definitive for SBNs [32] .
One might also argue that SVNs are located within the service domain, while SBNs focus on products. However, this differentiation lacks teeth in that service scientists themselves tend to view products as mere "vehicles for service delivery" [55] . We rather see SVNs as a special case of SBNs (cp. Figure 2 ) in which the coordination and orchestration of services is performed automatically by a universally accessible network orchestration platform which itself is not necessarily technically centralized. 
Definition (Service Value Network

Complex services.
A complex service is composed of various component services. More precisely, complex services typically involve the assembly and invocation of several component services offered by diverse enterprises in order to complete a multi-step business functionality [11] . In turn, component services are either other complex services or functionalities that are provided via a Web service.
Standardized service modules. Services must be plug-and-playable in order to harness the combinatorial power of service mashups, which can ultimately be used to harvest the latent demand of the long valley. This can only be achieved through service modules with standardized interfaces. Furthermore, the SVNs' automated service orchestration requires that standardization encompasses the specification of acceptable parameter values in machine-readable form.
Steady but open pool of complementary and substitutive services.
Services have to be (automatically) registered with the service value network in order to be eligible for composition. This set of registered services forms the steady pool from which a complex service is composed. However, the registration is open for any service which meets certain minimum requirements, in particular with respect to appropriate interface specifications. It is also conceivable that the service value network itself will actively browse the service landscape for eligible services and register them automatically. In this context steady means that the SVN maintains a list of services (including their interface descriptions), independent of whether there is a current service composition request in the network. Open, however, refers to the fact that no service can be excluded from the network, as long as it meets the publicly known minimum requirements defined by the platform provider.
Automated on-demand service composition. On-demand refers to the network's ability to orchestrate a complex service ad-hoc and upon customer request. At the time of the request, the SVN will automatically search for an optimal path through its network of registered services (cp. Technical Appendix). Optimality is thereby evaluated with respect to a goal function, for example the overall wealth of all parties involved which is known as market efficiency. In general, a path through the network is automatically chosen such that the economic surplus of one or more market participants is maximized. However, automating the mashup orchestration process not only requires a goal function to be specified, but also calls for a mechanism that guarantees the maximization of the goal function. The Vickrey auction is an example of a mechanism that maximizes welfare through efficient allocation and truthful revelation of participants preferences [56] .
Universally accessible network orchestration platform. Finally, all of the above components are brought to life in the SVN -the network orchestration platform. The platform encompasses the technical infrastructure and business logic necessary to perform market-based on-demand service composition and maintains an up-to-date list of orchestratable services. As such, the platform is the definitive interface for and between service customers and providers. Consequently, it is absolutely critical for the platform to be universally accessible and permanently available within its service domain; otherwise available services may be excluded from the platform (thereby violating the openness requirement) and business opportunities will be lost. However, if the SVN is configured with these components in place, the platform provider as well as customers and service providers can expect potentially considerable rewards from their ride through the long valley. Now that you have the basic concepts under your belt, it is time to walk you through a comprehensive real-life example with you playing the role of the decision-maker in a media enterprise. This will not only help to differentiate SVNs from other networked organizational forms, but will also demonstrate the profit potential and benefits opened up by SVNs and the long valley.
Assessing the Value of Service Value Networks in Practice
Imagine you are the CIO of SizzlingNews, a news service and editorial office, and are expected to streamline your company's business processes. Of course, as a matter of good journalism, the validity and relevance of the news events that pop into your company every day have to be investigated and assembled manually. But that's just the tip of the iceberg: the processing of a news event entails a multitude of routine tasks prior to publication. For example, let's say that SizzlingNews usually accompanies its stories with photos. The journalist therefore needs to find and procure related pictures, store them, and add the pictures' meta information by tagging the relevant visual content. This is a tedious and highly inefficient task if done manually. Worse yet, the process delays the release of the news stories and thus severely hampers While pondering the alternatives to doing this tasks manually, you dream of a fully automated picture-retrieval-and-tagging process realized through services that are readily available on the Internet: The images could be retrieved from photo services such as Flickr, Picasa, or Yahoo! Image. Web services for picture tagging are available either through crowdsourcing approaches [57] , as used by Amazon's Mechanical Turk, or semantic technologies and face recognition, such as those used by ImageNotion [58] . Finally, the assembled information could be stored online with Amazon S3 or other services cavorting "in the cloud" such as Wuala or SMETube. But what if you could find a Web interface capable of automatically locating and combining all of the individual services you need -in the order you need themto form a single complex service (see Fig. 3 )?
A service value network can do all of the above! RESTful architectures and simplified interfaces have dramatically reduced the complexity of service composition and service description, finally making automated on-demand orchestration of complex services a reality.
The previous example can also be used to illustrate the definitional boundaries of the SVN concept step by step. For instance, if instead of using a Web service, suppose you were to verbally describe your service requirements to a network coordination company like Li & Fung. The firm would then perform the mashup orchestration for you and the SVN would degenerate into a SBN. It is important to realize that fully automated service orchestration requires more than just the use of tightly integrated ICT among the network partners. Additionally, service providers have to offer modularized services and strictly adhere to predefined interfaces. Likewise, the SVN must provide a customer interface through which the service request can be formally articulated. In SBNs, however, the ability to pick, plug, and play network partners is emphasized, but not developed to the extent that network orchestration can be executed automatically. Moreover, if the SBN were unable to combine any picture service with any storage or tagging service, it would further degenerate into a mere business network. In contrast to a SBN, the network partners in a business network are much less integrated and generally do not adhere to a common network standard with respect to the employed ICT or interface specifications. This reduces the modularity of the available services such that the alternative services cannot be flexibly interchanged without disruption of the mashup's overall functionality. Table 1 summarizes the scenario variations and the resulting change in governance structures. The high degree of standardization and modularization of services in a SVN is also the key to achieving the service composition depth that is descriptive for the long valley phenomenon. The long tail merely addresses the provision of all available services through one platform. In the long valley, however, any of the available services can even be combined to create complex services that meet also the most specialized demand. It is important to note that the order in which the services are configured matters; different lineups can result in very different -and potentially quite useful -service mashups. For instance, invoking the tagging service first followed by the picture and the storage services could support a business process in which people or situations are tagged on pictures that are already owned by SizzlingNews. Thereafter, photos depicting the same event would be retrieved via Flickr and the like, and are eventually stored on Wuala. You may indeed find vari-ous re-combinations of your original service specifications to be quite useful to your company; perhaps you'd buy this new instantiation of the service mashup in order to stock up SizzlingNews' picture archive. In other words, the same set of services can be re-ordered and sold multiple times to the same customer, with each configuration addressing a different business need. In fact, if a total of n services are registered with the SVN, there potentially exist up to n k=1 n! (n−k)! alternative service mashups that could be sold to any one customer -not even counting the mashups that include multiple invocations of the same service. 6 This means that the number of possible service mashups grows exponentially with the number of available services, whereas the traditional long tail effect is only linear. Such is the combinatorial power that constitutes the long valley.
How to Benefit from Service Value Networks
In the preceding analysis we have described the large potentials of the electronic services domain in general and of SVNs in particular. But how can you benefit? Benefits certainly depend on the role you take in the SVN. If you are a service consumer, SVNs can provide the service mashups that you have been looking for in vain. Earlier business applications provided over the Internet were designed to catch the average requirements of small and medium enterprises (SMEs), but failed to offer customization possibilities and left special requirements unsatisfied [12] . SVNs, on the other hand, make affordable, customized applications on demand possible by virtue of automated service composition. Indeed, SMEs tend to resort to these applications first, because they are desperate for a cost-efficient alternative to pricey on-premise software requiring large upfront investments as well as tedious do-it-yourselfsolutions. 7 However, very small enterprises long for tailored solutions also. Their best bet for finding these solutions are in SVNs, which exploit the power of Web service combinatorics.
If you are a service provider, you will reap the benefits of the combinatoric and network effects at play in the long valley. Your service offering can easily become a complementary part in multiple valuable mashups. In this way, your services will generate more value than they would as stand-alone offerings, and they are more likely to be purchased.
Over and above those advantages, in SVNs you can become a prosumer [60] , both enjoying the ever-expanding composition matrix that constitutes the long valley as a consumer and contributing to the networks' value as a provider! Your IT department can actually provide its own services in the SVN -services that were created in-house since they were not yet available anywhere else. As we noted in Section 1, even the most obscure services are likely to find takers. Your company's service thus has the potential to kiss awake latent demand! As you can see, everyone can profit from the long valley effect -and many consumers and companies already are! The most prominent SVN forerunner is salesforce.com's Web service marketplace AppExchange 8 , where the company's 65,000 customers are given access to over 800 third-party services that provide complementary functionality to salesforce.com's core offering, Salesforce CRM 9 . Seamless and automated interoperability is guaranteed by relying on salesforce.com's own development platform force. The automatic composition of complex services forms the nucleus of SVNs. In the following we will provide a mathematical formalization of SVNs on whose basis the composition of complex services can be performed automatically.
Formalization of SVNs
For the sake of clarity, we will concentrate on a particular instantiation of the overall SVN, including only the services that fulfill the functionality de-8 http://sites.force.com/appexchange/home/ 9 Salesforce CRM is a customer relationship management application that is offered as a service over the Internet. The figures were taken from https://www.salesforce.com/ company/investor/financials/.
10 http://www.salesforce.com/platform/ manded by a specific customer request, rather than tackling the entire SVN.
The following model of an instantiated SVN is described by means of a simplified statechart model [61] and is aligned with the representation presented by [62] . Statecharts have proven to be the preferred choice for specifying process models because they expose well-defined semantics and provide flow constructs from prominent process modeling languages (e.g. WS-BPEL), which allows for simple serialization in standardized formalisms. A service value network is represented by a directed, k-partite, and acyclic graph. Each partition represents a different functionality requested by the service customer. The set of nodes V = {v 1 , ..., v n } represents the set of service offers that can fulfill the requested functionality. Two auxiliary notes, source (v s ) and sink (v f ), act as a makeshift to formalize complex services as an end-to-end connection. These nodes should therefore not be interpreted as services in the network. According to the different service functionalities that are combined in order to constitute the demanded complex service, services are clustered into k partitions -the so-called candidate pools. Substitutive services are mapped to one and the same candidate pool. . In other words, an edge between two nodes symbolizes the interoperability of the services offered as well as the service providers' willingness to cooperate. In order to represent the sequence of functional steps, the set of edges is restricted such that edges link services from subsequent candidate pools, i.e. E := {e ikjk +1 }, ∀k = 0, ..., k is the set of all possible links related to the set of service providers.
Each service v j exhibits a service configuration A j that is characterized by a vector A j = {a Figure 4 illustrates an exemplary formalization of a service value network with two candidate pools. Every feasible path from source to sink represents a possible realization (instance) of a complex service. There are three paths F = {F 1 , F 2 , F 3 } with F 1 = [e s1 , e 13 
Automated service composition in SVNs Customer scoring
Recall that complex services are composed according to a goal function. In the following, we will assume that the goal function captures consumer surplus, i.e. we seek the complex service instantiation that maximizes the customer's utility. The customer's preferences are represented by a scoring function of the form From the customer's perspective, α defines the rate of substitution of score and price. In other words, α can be interpreted as the customer's willingness to pay for a complex service that perfectly meets his preferences.
In this way the allocation rule determines an optimal path through the SVN. From an economic point of view, this enables a customer-centric, automated composition of complex services in SVNs.
